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Objective: To evaluate the effects of exercise interventions on bone health and

body composition in postmenopausal women with breast cancer.

Methods: A systematic search was conducted across PubMed, EMBASE, Web of

Science, CENTRAL, and CNKI databases for randomized controlled trials (RCTs)

published before October 2024. Data from eligible studies were extracted and

analyzed using STATA software.

Results: Eight RCTs comprising 1099 participants were included. The results

indicated no significant differences between exercise and control interventions in

patients’ bone mineral density (BMD) at the lumbar spine (WMD = 0.116, 95% CI

[-0.357, 0.589], p = 0.631), femoral neck (WMD = -0.214, 95% CI [-0.497, 0.068],

p = 0.137), or total hip (WMD= 0.299, 95% CI [-0.283, 0.882], p = 0.314). For body

composition parameters, exercise interventions led to significant improvements

in lean mass (WMD = 0.192, 95% CI [0.023, 0.362], p = 0.026) and marked

reductions in percent body fat (WMD = -1.327, 95% CI [-2.587, -0.066], p =

0.039) compared to the control. However, no significant differences were

observed in body weight (WMD = -0.024, 95% CI [-0.193, 0.146], p = 0.784) or

fat mass (WMD = -0.078, 95% CI [-0.703, 0.546], p = 0.806) between the

two interventions.

Conclusion: The current evidence suggested that exercise interventions

effectively improve lean mass and reduce percent body fat but have a limited
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impact on BMD in postmenopausal women with breast cancer. A multimodal,

individualized exercise program is recommended to address the challenges of

bone health and body composition in this population.

Systematic review registration: https://www.crd.york.ac.uk/prospero/,

identifier CRD42024613744.
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Introduction

Breast cancer is the most commonly diagnosed cancer among

women globally, with postmenopausal women accounting for a

substantial proportion of cases (1). Significant progress in treatment,

including advancements in early detection and the development of

more effective therapies, has led to a marked improvement in breast

cancer survival rates (2). However, many breast cancer survivors

continue to endure long-term side effects from treatments such as

aromatase inhibitors and chemotherapy. These therapies are often

linked to an increased risk of osteoporosis as well as adverse changes in

body composition (3, 4). Such changes heighten the risks of fractures,

metabolic disorders, and cardiovascular diseases, ultimately leading to

a decline in overall life quality of affected individuals (5, 6).

In postmenopausal women, the natural decline in estrogen levels

accelerates bone loss, a process further compounded by breast cancer

treatments (7). Consequently, conditions such as osteopenia and

osteoporosis are prevalent among these women, significantly

increasing the risk of fractures and functional impairment (8).

Besides concerns related to bone health, a concurrent loss of muscle

mass and increase in fat mass are commonly observed, leading to

diminished physical function and elevated risk of cardiovascular

complications (9, 10). These adverse effects highlight the urgent

need for effective interventions to mitigate the negative impact of

breast cancer treatments on bone health and body composition,

particularly in postmenopausal women.

Exercise is increasingly recognized as an effective non-

pharmacological intervention to enhance bone health and

counteract adverse changes in body composition among breast

cancer survivors (11). Specifically, resistance and weight-bearing

exercises have been shown to help maintain or improve bone

mineral density (BMD) and preserve lean muscle mass, while

aerobic exercises are associated with reductions in body fat (9,

12). Despite these promising effects, evidence regarding the efficacy

of various types of exercise interventions for postmenopausal

women with breast cancer remains inconsistent. While some

studies report significant benefits, others indicate minimal or no

effect (13, 14).

To address these inconsistencies, a systematic review and meta-

analysis is necessary to synthesize the existing evidence on the
02
effects of exercise on bone health and body composition in

postmenopausal women with breast cancer. This review aims to

provide robust, evidence-based support for the clinical application

of exercise as an intervention for this population, thereby guiding

healthcare providers and informing future treatment strategies.
Method

The present study was conducted in accordance with the

Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guideline (15). The protocol was registered in

PROSPERO with the registration number CRD42024613744.
Eligibility criteria

The PICOS framework were applied to determine study eligibility

(16). Studies were included if they involved postmenopausal women

diagnosed with breast cancer (Population), who participated in

exercise interventions such as aerobic, resistance, or weight-bearing

training (Intervention), with a comparison group that received either

no exercise or usual care (Comparison). The outcomes of interest were

changes in bonemineral density and/or body composition (Outcome).

Only randomized controlled trials (Study design) were considered for

inclusion, with no restrictions on language. Studies were excluded if

they involved premenopausal women, patients with major comorbid

conditions affecting bone health or body composition, or if they

evaluated non-exercise interventions. Additionally, retrospective

trials, case reports, and conference papers were excluded.
Search strategy

An electronic search of the PubMed, EMBASE, Web of science,

CENTRAL and CNKI databases was performed to identify potentially

relevant studies published before October 2024. Search strategies were

customized for each database using a combination of medical subject

headings (MeSH) and free-text keywords. For instance, in PubMed,

the following search strategy was applied: ((“postmenopausal
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women”[MeSH] OR “postmenopausal”[tiab]) AND (“breast cancer

survivors”[tiab] OR “breast neoplasms”[MeSH] OR “breast

cancer”[tiab])) AND (“exercise”[MeSH] OR “physical activity”[tiab]

OR “resistance training”[MeSH] OR “aerobic exercise”[MeSH] OR

“weight-bearing exercise”[tiab]) AND (“bone mineral

density”[MeSH] OR “BMD”[tiab] OR “bone health”[tiab] OR “body

composition”[MeSH] OR “lean mass”[tiab] OR “fat mass”[tiab] OR

“body weight”[tiab] OR “ percent body fat “[tiab]) AND (randomized

controlled trial[pt] OR controlled clinical trial[pt] OR randomized

[tiab] OR placebo[tiab] OR “randomly”[tiab] OR trial[tiab]) NOT

(animals[mh] NOT humans[mh]). For the CNKI database, a

combination of Chinese equivalents for the following terms was

used: “postmenopausal,” “breast cancer,” “exercise,” “bone mineral

density,” and “body composition.” Boolean operators such as “AND”

and “OR” were applied to build the search strategy. Both subject terms

and free-text keywords were utilized to ensure a comprehensive and

sensitive search. Reference cited in all included studies were also

manually examined for additional records.
Study screening and data extraction

Two reviewers independently screened and assessed whether

the retrieved studies met the inclusion criteria. The following

information was then extracted from each eligible study: first

author, publication year, participant characteristics, exercise

intervention details, control condition, outcome measures, and

follow up duration. Any discrepancies in data extraction were

resolved through consensus with a third reviewer.
Study quality assessment

The methodological quality of the included studies was assessed

by two independent reviewers using the Cochrane Collaboration’s

tool (17). The following aspects were evaluated as either low,

unclear or high risk of bias: (1) random sequence generation, (2)

allocation concealment, (3) blinding of participants and researchers,

(4) blinding of outcome assessment, (5) incomplete outcome data,

(6) selective reporting, and (7) other bias. Any disagreements

between the reviewers were resolved through discussion

consensus with a third reviewer.
Statistical analysis

Weighted mean difference (WMD) and 95% confidence interval

(CI) were pooled to calculate effect sizes, as the included studies

reported statistics and variances in consistent units. Between-study

heterogeneity was assessed using the I2 statistic, where values of 50%

serve as a cutoff for low and high heterogeneity levels (18). A fixed-

effect model was applied in the absence of significant heterogeneity,

whereas a random-effect model was used otherwise. A funnel plot

and Egger’s test were employed to detect potential publication bias,

provided that a sufficient number of studies was available (19). All
Frontiers in Oncology 03
statistical analyses were conducted using Stata software 16.0

(StataCorp LP, College Station, TX), with a p-value <0.05

considered statistically significant.
Results

Study selection

A total of 345 potentially relevant studies were identified in the

preliminary search. After duplicated records were removed, 274

titles and abstracts were reviewed and screened for inclusion.

Following the filtering process, 35 full-text articles were assessed

for eligibility. Twenty-seven studies were excluded for the following

reasons: 12 were non-randomized controlled studies, 8 included

participants at the premenopausal stage, 5 lacked the outcomes of

interest, and 2 compared different exercise interventions. Finally, 8

studies were included for data extraction and final meta-analysis

(20–26). The study selection process, conducted based on the

PRISMA statement was demonstrated in Figure 1.
Study characteristics

The included studies were published between 2009 and 2023,

involving a total of 1099 participants. All participants were breast

cancer survivors at various stages (0–III), with mean ages ranging

from 50.6 to 63.12 years. There was notable heterogeneity in the

exercise intervention programs across the studies. While most

control group participants received usual care or engaged in usual

activities (20–26), only one study employed stretching training as

the control intervention (9). Bone mineral density was reported in

the majority of studies, with measurements taken at the lumbar

spine (21–23, 25, 26), femoral neck (9, 21–23, 25, 26), and total hip

(9, 21, 22, 25). Body composition outcomes, including body weight

(9, 20, 23, 24), lean mass (9, 20, 23, 24), fat mass (9, 23, 24), and

percent body fat (9, 20, 24) were evaluated in five out of eight

studies. Follow-up durations varied, ranging from 6 to 24 months,

with most studies lasting 12 months. Table 1 illustrated the detailed

characteristics of eligible studies.
Study quality assessment

The results of quality assessment of the included studies were

summarized in Figure 2. Four studies were rated as low risk for

random sequence generation, while the other four studies were

rated as unclear risk. Allocation concealment bias was generally low,

with only two studies showing unclear risks. High risk of bias was

observed across all studies in the blinding of participants and

personnel, as exercise interventions inherently prevent effective

blinding. Half of the included studies were classified as low risk in

the blinding of outcome assessment, while the other half were

categorized as unclear risk. Incomplete outcome data were assessed

as low risk in five studies, unclear risk in two studies, and high risk
frontiersin.org
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in one study. Most studies demonstrated an unclear risk for

selective reporting and other biases, except for two studies rated

as low risks.
Meta-analysis

Effect of exercise on bone mineral density
Five studies (n= 423 participants) investigated the effect of

exercise on lumbar spine BMD in postmenopausal women with

breast cancer. A random-effect model was used due to the observed

heterogeneity (p < 0.001, I2 = 90.90%), and the exercise intervention

did not result in a significant improvement in lumbar spine BMD

compared to the control group (WMD = 0.116; 95% CI: -0.357 to

0.589; p = 0.631; Figure 3A).

The effect of exercise on femur neck BMD was evaluated in six

studies comprising 459 participants. Given the observed

heterogeneity (I² = 76.00%, p < 0.001), a random-effect model

was applied. The pooled analysis showed no significant difference in
Frontiers in Oncology 04
femur neck BMD between the exercise and control groups (WMD =

-0.214, 95% CI: -0.497 to 0.068, p = 0.137; Figure 3B).

Four studies, involving 231 breast cancer survivors, examined the

influence of exercise on total hip BMD.With significant heterogeneity

detected (I² = 88.31%, p < 0.001), a random-effect model was applied.

The meta-analysis found no statistically significant effect of exercise on

total hip BMD in postmenopausal women (WMD = 0.299, 95% CI:

-0.283 to 0.882, p = 0.314; Figure 3C).

Effect of exercise on body composition
A total of four studies reported the effects of exercise on body

composition in postmenopausal women with breast cancer (n= 271

participants) across four indicators: body weight, lean mass, fat

mass and percent body fat. No significant heterogeneity was

observed for any of the outcomes (body weight: I² = 0%, p = 0.54;

lean mass: I² = 0%, p = 0.55; fat mass: I² = 0%, p = 0.65; percent body

fat: I² = 0%, p = 0.45), justifying the application of fixed-effect

models. The exercise intervention did not result in significant

changes in body weight (WMD = -0.024, 95% CI: -0.193 to 0.146,
FIGURE 1

PRISMA flow diagram of study selection.
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TABLE 1 The characteristics of eligible studies.

Cancer Exercise intervention details
Control
condition

Outcomes
Follow-

up
durationFrequency Intensity Duration

three
times weekly

60–
80% PMHR

5 weeks usual
activities

body weight; lean mass; percent body fat 12 months

twice to three
times weekly

11-13 RPE 6 months usual care BMD (lumbar spine, femoral neck, total hip) 6 months

three
times weekly

50–
70% PMHR

6 months usual care BMD (lumbar spine, femoral neck, total hip) 12 months

once weekly 14–16 RPE 12 months usual
activities

BMD (lumbar spine, femoral neck); body
weight; lean mass; percent body fat

12 months

five
times weekly

70% PMHR 12 months usual care BMD (lumbar spine, femoral neck) 12 months

twice weekly 60–
80% PMHR

12 months usual
activities

body weight; lean mass; fat mass; percent
body fat

12 months

twice weekly NA 24 months usual care BMD (lumbar spine, femoral neck, total hip) 24 months

twice weekly NA 12 months stretching
training

BMD (lumbar spine, femoral neck, total hip);
body weight; lean mass; fat mass; percent
body fat

12 months
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Author/
year

Participants
no. (I/C)

Age,
mean

year, (I/C)

stage

Type
Time/
session

Irwin et al.
(20), 2009

37/38 56.5/55.1 stage I–III aerobic training 15–
30
minutes

Kim et al.
(21), 2016

23/20 55.7/56.3 stage I–III aerobic and
resistance
training

15–
30
minutes

Knobf et al.
(22), 2016

62/63 50.6/53.1 NA aerobic and
resistance training

10–
45
minutes

Saarto et al.
(23), 2012

138/131 58/58 NA aerobic and
resistance training

60
minutes

Tang et al.
(26), 2023

90/86 63.12/62.48 NA aerobic training 50
minutes

Thomas et al.
(24), 2017

60/61 62.0/60.5 stage I–III aerobic and
resistance training

150
minutes

Waltman
et al.
(25), 2010

110/113 NA stage 0-II resistance training 30–
45
minutes

Winters-
Stone et al.
(9), 2011

36/31 62.3/62.2 stage
0-IIIA

resistance and
weight
bearing training

45–
60
minutes

BMD, bone mineral density; I/C, intervention/control; NA, not available; PMHR, predicted maximal heart rate; RPE,
 r
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p = 0.784; Figure 4A) and fat mass (WMD = -0.078, 95% CI: -0.703

to 0.546, p = 0.806; Figure 4C) compared to the control group.

However, significant improvements in lean mass (WMD = 0.192,

95% CI: 0.023 to 0.362, p = 0.026; Figure 4B) and reductions in

percent body fat (WMD = -1.327, 95% CI: -2.587 to -0.066, p =

0.039; Figure 4D) were evident in the exercise group compared to

the control group.
Frontiers in Oncology 06
Publication bias

As shown in Figure 5, no significant publication bias was found

according to the visualization of the funnel plot and the results from the

Egger’s test. (p=0.881 for lumbar spine BMD; p=0.496 for femur neck

BMD; p=0.279 for total hip BMD; p=0.613 for body weight; p=0.699

for fat mass; p=0.601 for lean mass; p=0.296 for percent body fat)
FIGURE 2

Quality assessment of the studies included in this meta-analysis.
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Discussion

The primary finding of this meta-analysis was that exercise

interventions did not significantly improve BMD at key anatomical

sites, including the lumbar spine, femoral neck, and total hip, in

postmenopausal women with breast cancer. This lack of
Frontiers in Oncology 07
improvement in BMD with exercise aligns with previous research,

such as the meta-analysis by Fornusek et al., which highlighted the

limited osteogenic effect of exercise among postmenopausal breast

cancer survivors (27). The postmenopausal status of participants,

combined with the use of aromatase inhibitors (AIs), likely

contributes to this limited response (28). AIs exacerbate estrogen
FIGURE 3

Forest plot of exercise compared to control on bone mineral density in postmenopausal women with breast cancer. ((A) Lumbar spine; (B) Femur
neck; (C) Total hip).
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deficiency, common in this population, which leads to increased

bone resorption and diminishes the effectiveness of exercise as an

osteogenic stimulus (29, 30). Although resistance or weight-bearing

exercises generally provide mechanical loading that promotes bone

formation (31), the hormonal imbalance resulting from reduced

estrogen levels predisposes individuals to bone degradation, thereby
Frontiers in Oncology 08
limiting the efficacy of exercise in increasing BMD (32).

Nevertheless, it is essential to note the substantial heterogeneity in

our meta-analysis results, which may limit the strength of these

conclusions. Possible explanations for this heterogeneity include

variations in exercise types and intensities, participant

characteristics such as baseline BMD and AI usage, diverse
FIGURE 4

Forest plot of exercise compared to control on body composition in postmenopausal women with breast cancer. ((A). Body weight; (B). Lean mass;
(C). Fat mass; (D). Percent body fat).
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intervention durations affecting detectable bone changes, and

methodological differences in BMD measurement. These

considerations highlight the complexity involved in evaluating

exercise effects on bone health and underscore the necessity for

standardized exercise protocols and longer intervention periods in

future studies. In contrast, evidence from real-world data by Abdel-

Razeq et al. demonstrated that a comprehensive approach

combining exercise with pharmacological interventions, such as

bisphosphonates, is more effective in maintaining or improving

BMD (13). Bisphosphonates suppress osteoclast activity, reduce

bone resorption, and thus complement the osteogenic effects of

exercise (33). This synergistic approach emphasizes the need for a

multimodal strategy, where exercise serves as an adjunct to

pharmacotherapy rather than as a standalone treatment to

counteract bone loss in this population.

Beyond the effects on bone mineral density, this meta-analysis

also assessed the impact of exercise interventions on body

composition in postmenopausal women. The results indicated a

reduction in percent body fat and an increase in lean mass, while

total fat mass and body weight remained largely unchanged. These

findings are consistent with previous studies, which reported that

exercise interventions, particularly resistance exercise, enhances

muscle mass and reduces fat percentage in breast cancer survivors,

even though overall body weight often remains stable (34, 35).

Although exercise significantly improved lean mass and reduced

percent body fat, the absence of significant changes in total body

weight and fat mass may reflect a recomposition effect, where muscle

gain offsets fat loss, resulting in minimal net weight change (36).

Furthermore, most included studies did not incorporate dietary

control, which likely limited the potential for fat mass reduction, as

exercise alone may not induce sufficient energy deficit (37). In

contrast, the improvements in lean mass can be attributed to the

anabolic effects of resistance or combined training, promoting muscle

hypertrophy via increased protein synthesis (36). The reduction in
Frontiers in Oncology 09
percent body fat may also reflect enhanced metabolic efficiency,

including improved insulin sensitivity and greater fat oxidation

(12). This consistency underscores that exercise interventions

primarily enhance physical fitness and body composition quality, as

evidenced by increased lean mass and reduced body fat percentage,

which are crucial for improving quality of life and reducing the risk of

disease recurrence in breast cancer survivors (38, 39).

This study has several limitations. First, although substantial

heterogeneity was observed in several pooled outcomes, subgroup

or sensitivity analyses were not feasible due to the limited number of

included studies and the inconsistent reporting of participant and

intervention characteristics. This limitation should be considered

when interpreting the meta-analytic results. Second, the relatively

small sample sizes in several trials may have reduced the statistical

power of the pooled estimates. Third, the duration of most

interventions was relatively short (≤12 months), which may be

insufficient to produce detectable changes in bone mineral density.

Fourth, all included studies were rated as high risk for performance

bias due to the inability to blind participants and personnel in

exercise trials. This may have introduced subjective bias,

particularly for self-reported outcomes such as body composition.

However, BMD was objectively measured using standardized

methods, which partially mitigates this concern. Finally, this review

was based solely on quantitative data from randomized controlled

trials. Future research incorporating qualitative approaches is needed

to better understand patients’ individual needs and preferences,

which may inform the design of more personalized and effective

exercise interventions.
Conclusion

In conclusion, exercise interventions provide notable benefits

for body composition but have limited impact on BMD in
FIGURE 5

Funnel plots of the publication bias. ((A). Lumbar spine BMD; (B). Femur neck BMD; (C). Total hip BMD; (D). Body weight; (E). Lean mass; (F). Fat
mass; (G). Percent body fat).
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postmenopausal women with breast cancer. A comprehensive

approach that integrates pharmacological treatments with

individualized exercise programs may provide an optimal strategy

for enhancing overall health outcomes in this population. These

findings emphasize the necessity of multimodal and personalized

interventions that address the diverse health challenges faced by

breast cancer survivors, with a particular focus on preserving bone

health while improving body composition.
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